The critical micelle concentration (CMC) of Sodium dodecyl sulfate (SDS) in water was determined from the conductance and viscosity measurement. The estimated value of CMC was found to be 0.0085 mol.L 
I. Introduction
Solution of highly surface-active materials exhibit unusual physical properties. In dilute solution the surfactant acts as a normal solute. By increasing the concentration of the surfactant, an abrupt change in several physico-chemical properties of the solution, such as osmotic pressure, electrical conductance, surface tension, viscosity etc. is observed Micelle formation of surfactant molecules in water solution is a typical hydrophobic process [1] . In water medium, surfactant molecules with their long hydrophobic tails undergo hydrophobic hydration.
Alcohols are self-associated liquids through H-bonding. Alcohols possess hydrophilic -OH group as well as hydrophobic group. Interactions between aqueous SDS and alcohols are extremely complex. The mode of interaction of these two groups towards SDS is completely different. The hydrophilic -OH group of an alcohol forms H-bond with aqueous SDS through hydrophilic interactions and disrupts the aqueous SDS structure, while the alkyl group promotes the structure of aqueous SDS molecules surrounding this group, through hydrophobic hydration. Recently, we reported the densities and excess molar volumes of alcohols in water Surf Excel solution [2] and the volumetric and viscometric properties of carbohydrates in water Surf Excel [3] and the electrolytes in water SDS [4] systems. Research on some binary alcohol systems thermophysical properties has been reported by several authors [5] [6] [7] [8] [9] [10] [11] [12] .
Here, we report the effect of some simple alcohols on the structure of water SDS systems based on volumetric measurements. Micelle-forming molecules in SDS may force water to be in a certain structural form in the water SDS system. The perturbations of this forced structure in water SDS system by some alcohols are expected to be more appreciable than the perturbation caused by these alcohols in only the water system. The knowledge of interactions of simple smaller hydrophobic molecules with water and with water surfactant solvent systems may be useful sometimes to interpret many complex systems. The data are also useful for the design of mixing, storage and process equipment.
II. Experimental
Materials. The chemicals used were purchased from Aldrich chemical co. with the quoted purities : Methanol (99.5%), Ethanol (99.0%), n-Propanol (99.0%), and iso-Propanol (99.5%) sodium dodecyl sulfate (SDS) (99.5%).These alcohols were used without any further purification, except that they were allowed to stand over molecular sieves (4A) about one week before measurements.
Density Measurements. Densities were measured by using 5 mL bicapillary pycnometers. The volumes of the pycnometers were calibrated with deionized and doubly distilled water at (298. 15, 303.15, 308.15, 313.15, 318.15 and 323.15) K. The densities of solutions were determined from the mass of the solution in the pycnometer after reaching thermal equilibrium with a water bath at the studied temperatures. Temperatures were controlled by a thermostatic water bath fluctuating to ±0.05K. A HR-200 electronic balance with an accuracy of ± 0.0001g was used for the mass determination. Reproducibility of the results was checked by taking each measurement three times. The density, ρ was reproducible to within ±2×10 -5 g.cm -3 .
III. Results and Discussion
The critical micelle concentration (CMC) of surfactant in aqueous solution is one of the most important properties in the formation of micelle. This property has significant importance for quantitative study of the thermodynamics of interactions involved in the monomer micelle equilibrium as well as in systems involving solubilization of an additional component or its distribution between bulk solution and micelle.
The CMC of sodium dodecyl sulfate (SDS) in water was determined from the conductance and viscosity measurement. The concentration dependence of molar conductivity of aqueous solutions of SDS is shown in Figure  1 (a). The molar conductivity decreases with increasing SDS concentration and then remains unchanged and finally decreases again. It shows a sharp break in its value where micelle starts to form and it is determined by extrapolating the molar conductivity data in the pre-micellar region to intersect with a straight line drawn through the data in the post-micellar region.
Viscosities vs. concentration of aqueous solution of SDS are plotted in Figure 1 (b). The viscosities increases with increasing SDS concentration and then decreases and eventually increases again. The minima of viscosity express the CMC of SDS. The estimated value of CMC was found to be 0.0085 mol.L -1 at 29 o C. The conductance data is in good agreement with the viscosity data. The literature value also has been found to be satisfactory with this data [13] . The effect of surfactant, SDS to alcohol systems has been studied in terms of volumetric, viscometric and thermodynamic properties. The concentration of SDS in premicellar and post-micellar region of 0.005M and 0.01M respectively were used for these measurements. The densities, ρ of Methanol, Ethanol, n-Propanol and isoPropanol in 0.005M and 0.01M SDS systems were determined at temperatures ranging from (298. 15 The concentration of SDS in pre-micellar and post-micellar region of 0.005M and 0.01M, respectively were used for the density measurement. Figure 2 shows the plots of densities as a function of mole fraction of Ethanol in 0.01M SDS solutions as sample. The densities, ρ of Ethanol and n-Propanol in 0.01M SDS systems are presented in the Table 2 -3 (for similar nature data of 0.005M SDS containing all studied alcohol systems and Methanol and iso-Propanol in 0.01M SDS systems are not shown). It shows continuous decrease in density on addition of Methanol, Ethanol, n-Propanol and iso-Propanol systems. In Ethanol, n-Propanol and iso-Propanol systems the decrease in density is found firstly rapid and beyond the 0.4 mole fraction it shows slowlness on addition of solute. The concave density curves for Ethanol, n-Propanol and isoPropanol systems show that at lower mole fraction of solute, the rate of change of density with temperature appears to be much higher than the rate at higher mole fraction of solute. Density value decreases with increase in the temperature. As the densities of pure Methanol, Ethanol, n-Propanol and iso-Propanol are less than that of pure water, with the increase of concentration of alcohol the density of alcohol + water system decreases and eventually proceeds towards the density of pure alcohol.
The excess molar volume, V E of Methanol, Ethanol, nPropanol and iso-Propanol in aqueous SDS systems have been calculated from density data of these systems using equation (1),
Where X 1 , M 1 ,and ρ 1 are the mole fraction, molar mass and density of component 1(solvent); X 2 , M 2 ,and ρ 2 are the corresponding values of component 2(organic solutes); and ρ mix is the density of the mixture, respectively.
The values of V E at different temperatures have been shown in Table 2 -3. The excess molar volumes were fitted to a Redlich-Kister polynomial equation of the form,
Where a i is the ith fitting coefficient. Using n = 3 four a i coefficient and the standard deviation σ were obtained through the least square method. For V E the fitting coefficients (a i ) of Ethanol systems are shown in Table 4 along with standard deviations as sample. Figure 3 molecules, e) The aqueous SDS structure around the hydrocarbon moieties of aliphatic alcohol is highly promoted leading to the formation of cages surrounding the alcohol molecules. This is a special type of interactions, which occurs in aqueous SDS rich region when an organic solute molecule is surrounded by a network of highly ordered water molecules.
The factors that cause expansion of volume on mixing of the components are:
a) The dispersive forces which occur predominantly in systems consisting of associated species (formed either by chemical or physical forces) and non-polar components, b) Dissociation of one component or both of the components, c) Steric hindrance, d) Geometrical mismatch of the molecules, e) Formation of weaker solute-solvent bond than solute -solute and solvent -solvent bonds, f) Effect due to differences in the chain length of alkanols, g) Electrostatic repulsive forces. Therefore, the observed V E may be discussed above which may be arbitrarily divided into physical, chemical, and geometrical contributions. The chemical or specific intermolecular interactions result in a volume decrease and these interactions include formation of hydrogen bonds and other complex-forming interactions. The structural contributions for these systems are mostly negative and arise from several effects, especially from interstitial accommodation and changes of free volume. In other words, structural contributions arising from geometrical fitting (interstitially accommodated) of one component into another due to the differences in the free volume and molar volume between components lead to a negative contribution to V E . The physical interactions, that is, nonspecific interactions between the real species present in the mixture, involve mainly dispersion force giving a positive contribution. The large negative V E of the systems, a typical characteristic of hydrophobic solutes, lead to the conviction that the factors causing the volume contraction far outweigh the factor which is to responsible for volume expansion [28] . Of the contractive factors, perhaps the hydrophobic hydration is by far the most effective one in volume reduction, as through this process the hydrophobic molecules occupy the spaces inside the so-called cages formed by the highly structured aqueous molecules, and thus ensure maximum economy of volume. Whereas in other cases, shrinkage takes place through strong interactions or attractive forces whose contribution to volume reduction is only relatively small. The minima of V E of the systems are also may be due to the micelle formation of SDS. However, further studies are necessary for the confirmation of micelle formation. The gradual contraction in volume on addition of aliphatic alcohol may be explained mainly by taking into account of formation of strong alcohol-aqueous SDS interactions due to H-bonds and by the hydrophobic hydration with overall economy of space. When hydrogen bonded tetrahedral structure of liquid water is formed near a hydrophobic part of the solute the inert part (alkyl group of alcohol) of the solute fills the interstitial cavities of the structures. This loss of free space during hydrophobic hydration is larger than the increase in volume accompanying the increase of icelikeness. As the hydrocarbon part of alcohol increased, fewer sites are available to accommodate it, and the fraction of solute enclosed in interstitial spaces of cluster decreases and hence V E becomes less negative as has been observed in the present systems: more negative V E has been observed with Methanol and Ethanol systems than with n-Propanol systems. In the case of iso-Propanol systems, the V E becomes much more negative than Methanol, Ethanol and n-Propanol systems. The strength of the intermolecular hydrogen bonding through in aqueous SDS and Alkanols, is not the only factor influencing the negative V E of liquid mixtures, but the orientation of groups, molecular sizes and shapes of the components are also equally important. Larger the branch of alkanols, the aqueous structure around the hydrocarbon moieties of aliphatic alcohol is highly promoted leading to the formation of cages surrounding the alcohol molecules as a result more negative V E is observed.
Such results can also be seen in the work of Aminabhavi et al. [31] for branch-alcohol mixtures.
n-Propanol and iso-Propanol mixtures have slightly positive V E values at higher mole fractions. Unfavorable packing may, however, result due to disruption of the closely associated aqueous molecules on addition of alkanols and formation of new association between the unlike aqueous and an alkanol molecules. Reorganization of the pure components in the mixtures due to formation of different type of weaker bond and geometrical mismatch or steric hindrence may also result unfavorable packing and lead to expansion in volume [29] [30] .
Examination of the results shows that the temperature effects on V E are not much significant. However, for the systems (i.e n-Propanol and iso-Propanol) V E values are being positive at higher mole fractions, V E increases with temperature and for those with negative values, V E decreases with temperature.
IV. Conclusion
The studies on the solution properties of ternary mixtures of Methanol + 0.005M SDS and 0.01M aqueous SDS, Ethanol + 0.005M SDS and 0.01M aqueous SDS, n-Propanol + 0.005M SDS and 0.01M aqueous SDS and iso-Propanol + 0.005M SDS and 0.01M aqueous SDS solutions, show strong solute-solvent interactions in aqueous SDS region, the aqueous SDS molecules form highly ordered structures through hydrogen bonding around the hydrocarbon moieties of alcohols. The values of excess molar volumes for all the systems are negative and showing minima at water SDS rich region. The observed values of V E for the mixtures have been explained in terms of specific intermolecular interactions and structural contributions. Although the value of density and excess molar volume of the studied systems in post-micellar aqueous SDS solutions (0.01M SDS) are higher than in pre-micellar (0.005M SDS ) solution systems, but the minima position of the excess molar volumes are not varied by the change of surfactant concentration.
